
LPS XXVI 

MINERAL-CHEMICAL VARIATIONS DURING BASALT CRYSTALLIZATION; James J. M c G ~  
and Odette B. James, U.S. Geological Survey, Reston VA 22092, USA. 

Introduction: The present study of the distribution of minor elements in mare-basalt plagioclase and 
pyroxene was conducted in order to define the nature of minor-element distributions that are clearly the result of 
igneous processes and to elucidate basalt crystallization histories. Data are presented for two quartz normative 
basalts (QNBs), 15065 and 15085, and compared with previous data for 15388 and 15384 [1,2]. Sample 15384 is 
a medium-grained olivine-bearing basalt that has local patches of variolitic intergrowths of pyroxene and 
plagioclase, but most of the rock is a hypidiomorphic-granular intergrowth of these minerals and olivine. Sample 
15388 has two textural domains: 1) early crystallized, coarse-grained variolitic intergrowths of pyroxene and 
plagioclase; and 2) later crystallized, coarse-grained hypidiomorphic-granular intergrowths of lath-shaped 
plagioclase, equant pyroxene, and interstitial opaque oxides and cristobalite. The variolitic textures are similar to 
textures produced by experimental crystallization of liquids supersaturated with plagioclase [3, 41. Locally, there 
are sparse large pyroxene phenocrysts, some of which contain sparse olivine grains. QNBs 15065 and 15085 are 
texturally similar to 15388, but with more abundant and larger pigeonite phenocrysts and less abundant and 
smaller variolitic patches. 15085 has more variolitic patches and more plagioclase than 15065. 

Plagioclase compositions: Plagioclase from the different textural domains in the basalts shows different 
compositional variations. Early plagioclase (within variolitic intergrowths) shows a strong negative correlation of 
both FeO and MgO with An (loo x molar W C ~ + N ~ + K )  (Fig. la), but mg' (loo x molar Mg/Mg+Fe) nearly Constant and 
relatively high. All plagioclase in 15384 shows a compositional wend of this type. The QNBs and 15388 have 
similar compositional ranges of early plagioclase, but the early plagioclase averages slightly more calcic in 15388 
than in the two QNBs. Late plagioclase (edges of grains) shows a trend, as the edges of grains are approached, of 
decreasing An content, marked increase in FeO, and constant, or slightly decreasing MgO (Fig. lc). The late 
plagioclase in 15388 is slightly more calcic on average than that in the QNBs. Intermediate plagioclase (at edges 
of variolitic intergrowths and in centers of large laths) shows the entire range of compositions observed (Fig. lb). 
Intermediate plagioclase is zoned to more sodic compositions in the QNBs than in 15388, but all three basalts have 
their most calcic plagioclase (-Ang4) in the intermediate-textured areas. FeO is markedly decreased in the more 
calcic intermediate plagioclase. These trends indicate that the first plagioclase to crystallize in these basalts had 
relatively low An, high FeO, and the highest MgO. During subsequent crystallization, the plagioclase developed 
reverse zoning in An and both FeO and MgO decreased. The last plagioclase to crystallize was zoned normally; 
An and MgO decrease as FeO increases. 

The early and late trends of plagioclase compositional variation appear to be produced by two different 
crystallization regimes [2]. The early plagioclase appears to result from crystallization of a melt undercooled with 
respect to plagioclase nucleation. Experimental studies [5] showed development of variolitic texture under 
conditions of relatively slow cooling in which plagioclase precipitation is initially suppressed and then nucleates 
heterogeneously on preexisting pyroxene. All four of the Apollo 15 basalts, representing three apparently distinct 
magmas, crystallized under conditions in which supersaturation of plagioclase developed in the melt. The late 
plagioclase seems to represent equilibrium crystallization. 

Pyroxene compositions: Basalt 15388 has sparse phenocrysts of magnesian pigeonite. Variolitic 
intergrowths have more iron-rich pigeonite and minor magnesian augite. Later-formed hypidiomorphic-granular 
intergrowths and edges of the variolitic intergrowths have more Fe- and Ca-rich pyroxenes, subcalcic augite and 
subcalcic ferroaugite. The latest-crystallized pyroxenes are ferroaugite. The pyroxenes in 15065 and 15085 show 
virtually identical compositional variations and have slightly different variation patterns than those in 15388. In 
15065 and 15085, early magnesian pigeonite is less calcic than in 15388, and some phenocrysts have augite cores. 
The pigeonite that crystallized in the variolitic intergrowths is slightly more ferroan than that in the phenocrysts. 
Later-crystallized pyroxenes are enriched in Fe and Ca. The latest pyroxenes to crystallize are extremely iron-rich 
ferrohedenbergite. 

Minor-element trends in the pyroxenes in 15065 and 15085 are virtually identical but differ slightly from 
those in 15388. Pigeonite and augite phenocrysts in the QNBs have much lower contents of Al, Cr, and Ti than 
the pigeonite phenocrysts and augite in 15388. Variolitic pigeonites in the QNBs do not show the great decrease in 
Al, Ti and Cr relative to earlier pigeonite shown by the variolitic pigeonites in 15388 [2]. The amount of "excess" 
Al (in excess of that required to balance Ti and Cr by means of coupled substitutions with these cations) does not 
decrease markedly at the onset of plagioclase crystallization, as in 15388, but decreases progressively throughout 
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crystallization. The femaugite, ferrohedenbergite and pyroxferroite all show "excess" Ti component in the QNBs 
The pyroxene compositional data suggest that the parent melt of 15388 was poorer in Fe and richer in Ti 

and A1 than the parent melt of 15065 and 15085. Bulk compositional data for 15388 confirm that it has lower FeO 
and higher A1203 than either the QNBs or the olivine-normative basalts. 

Crystallization sequence: In 15388, only the sparse pigeonite and olivine grains could have been fractionated 
by crystal accumulation or subtraction; the remainder of the rock crystallized from melt. As the early pigeonite 
crystallized from the parent magma, plagioclase nucleation was inhibited and the magma became significantly 
supersaturated in plagioclase component. When plagioclase finally nucleated, there was rapid growth of 
plagioclase and pyroxene together, forming intergrowths with a variolitic texture. The variolitic intergrowths 
coarsened as they grew; at their edges they grade into hypidiomorphic-granular intergrowths formed by later, more 
"normal" crystallization. Crystallization proceeded with precipitation of large amounts of ilmenite and concluded 
with precipitation of fayalite and a silica mineral in interstices. 

The crystallization sequence of the two QNBs is like that in 15388, but these rocks contain much more 
abundant, and much larger, pigeonite phenocrysts, many of which precipitated as hollow skeletal crystals in which 
crystallization proceeded both inward and outward. Both QNBs contain small patches of variolitic intergrowths of 
plagioclase and pyroxene, presumably formed by the same process of crystallization of plagioclase-supersaturated 
melt as in 15388; this process was apparently not as extensive as in 15388, however. The most Fe-rich pyroxenes 
in the QNBs have compositional discontinuities against earlier pyroxenes and they form bands at grain boundaries 
and patches within earlier pyroxenes, suggesting that crystallization of the late-stage pyroxenes probably in part 
involved resorption and replacement of the earlier pyroxene. 

Summary: Compositional variations in the minerals of 15388, 15065, and 15085 show that 15388 
crystallized from a distinctive parent magma, richer in Ti02 and N2o3 and poorer in FeO than the parent magma 
of the QNBs. These studies have identified distinctive differences in compositional variation trends in plagioclase 
formed by stages of early crystallization of plagioclase-supersatwated liquid and subsequent normal equilibrium 
crystallization in Apollo 15 basalts. The positively correlated trends of FeO, MgO and Na20 in early plagioclase 
that crystallized from a plagioclase-supersaturated melt are similar to those interpreted as igneous in lunar ferroan 
anorthosites, where brecciation and metamorphism obscure the effects of primary crystallization [6]. This result 
raises the possibility that the ferroan-anorthosite trends are indeed igneous and the parent liquid had extremely low 
contents of FeO and MgO due to plagioclase supersaturation, 
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Figure 1. FeO and MgO (wt%) vs. An (100 x molar 

cansa+~a+~)  content of plagioclase in quartz- 
normative basalts 15065 and 15085. (a) Early 

0.2 " 0  I plagioclase. (b) Intermediate plagioclase. (c) Late 
o m  plagioclase. 
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